For twenty one different laboratory parameters the separate contributions of both biological (age, sex, hospitalisation) and analytical variations to the total Variation have been examined. For each of the different laboratory parameters the reference interval and critical difference are given for the longitudinal , evaluation of analysis results.
Introduction
Results for the determination of concentrations of serum constituents are dependent on several analytical and biological factors. Recent developments in analytical laboratory techniques, such äs introduction of automatic analysers, development of highly standardised techniques and highly sensitive detection reactions, etc., have considerably reduced the analytical bias. However, further study of biological factors influencing the laboratory data is necessary. Hitherto, results of laboratory investigations have usually been compared to reference intervals ("normal values") in order to determine normality or abnormality (transverse assessment), i.e. to discriminate between health and disease.
Reference values and inter-individual variations are determined from samples from an appareütly healthy population, often a selected group of the total populationv Means and Standard deviatioris are calculated and reference intervals are generally given äs ± 2 ST. In this study the contribution of both biological (age, sex, hospitalisation) and analytical factors to the overall Standard deviation is considered (tab. 1).
Intra-individual variations of laboratory values depend on several factors which have to. be considered in long term studies (longitudinal assessment). Some of these can be standardised, e. g. time of venipuncture, posture of the patient, choice between venous or capillary blood for analysis, fasting or non-fasting states of the patient, etc. More or less constantly or slowly changing factors are age, pregnancy, overweight, seasonal influences, etc., whilst others such äs sex, menopause, etc., can beregarded äs constant. Of utmost importance in the clinical evaluation of laboratory data are significant changes in consecutive values observed in the same individual (longitudinal assessment).
Twenty one routine clinical chemical laboratory parameters in a large population have been studied in order to determine to what extent the result of an analysis must be different from a preceding result to indicate a significant change. This minimal required difference is called the critical difference d k (l, 2).
For the present investigation d k has been calculated from literature data and has been compared to the actual differences found between classified data in this study. In this way an attempt was made to confirm the clinical relevance of these differences, i. e. the influence of factors such äs age, sex, hospitalisation, etc., on laboratory parameters.
Tab. 1. Symbols used in this study acc. to Stamm (l, 2). 
Materials and Methods

Subjects
The influence of sex, age and hospitalisation was studied by investigating laboratory data retrospectively from a population of 12000 patients. In order to eliminate the possible influence of disease all data from an individual were rejected if one of the data was outside the reference values. Different sub-populations were used for the study of the influence of hospitalisation, sex or age.
Although these procedures do not absolutely exclude all unhealthy patients, the influence of disease can be considered äs neglegible. The influence of hospitalisation was studied by dividî ng the subjects into hospitalised and out-patient groüps.
Samples
Blood samples were taken between 7.30 a. m. and 9.00 a.m. and reached the laboratory within one hour.
The clinical patients had been fasting for twelve hours before the blood was taken; no limitations on diet were prescribed for outpatients.
Analytical procedures
There was a high degree of conformity in analytical procedures between the different participating laboratories, which· used identical contföl sefa, Standards and methods. Moreover, the data from a hospital (where continuoüs flöw analysis, Technicon, SMAC, was used) in a different area were compared with the data from the hospitals in the study äfea.
Analytical precision
The analyses conceiined are listed in Data obtained from 12000 healthy persons were arranged in consecutive classes and for each class the means (x), Standard deviations (87) and the coefficients of Variation (CV) were calculated. In order to determine the presence of absence of significant differences between means of two populatipns, the Standard deviations of the difference between class means were calculated äs follows:
The difference between class means was considered to be significant (p < 0.05) when it exceeded 2 · SE d iffercncc (3, 4).
Significant differences are often föünd in large populations. With this method a significant difference e.g. between Chloride content of serum in males vs. females was found (p < 0.001, table 4).
It is evident that this difference between values from males and females of l mmol/1 had not hitherto been considered clinicaily relevant. Another procedure was therefore tried, which is suitable for use in d'aily clinical practice, i.e. the method presented by the group of Young (S) and corifirmed by Stamm (l, 2). With the formula d k = 2 V2(S£ + S\) the minimal valüe of the significant difference between two consecutive determinations of a same constituent in the same individual was calculated, and designated by Stamm äs the "critical difference", dk.
Many investigators (5-11) determined values for the intra-individual variance Sp. Means of these data from the literature (table 3, last column) were used in the calculation of our results.
Values for SA were obtained from daily quality control analyses. Values for CVp and CV A and the critical differences are given in table 2. As stated before we consider the difference between two values significant if its value exceeds the critical difference dk.
Results and Discussion
As stated in the introduction, external influences on the clinical relevance of changing laboratory data were studied. In this introductory study the transverse reference values were assessed in different groups distinguished by age, sex and hospitalisation, and differences between group means were determined (tab. 4-7). From a number of literature data (tab. 3) the so called critical differences, äs used in the longitudinal assessment of patient laboratory data, were calculated and compared with the differences between the class means found in this study. Influence of age In table 4 data obtained for different age classes are given. Only in four cases did the difference between consecutive classes exceed dk, i.e. for alkaline phosphatase, lactate dehydrogenase, potassium and phosphate in serum. For these'consituents the age class 1-9 years invariably produced higher values than other age classes. A gradual increase with age was noted for glucose, urea, creatinine, ct-amylase, cholesterol and uric acid. Values for glucose, creatinine, protein and uric acid content in the age class 1-9 years were significantly lower than in all classes over 20 years of age. The same was true for urea, aamylase, bilirubin, cholesterol, protein, and uric acid in the 1-9 years class s compared to all other classes.
Small variations were noted for several consecutive class means of γ-glutamyltransferase, alanine aminotransferase, aspartate aminotransferase, creatine kinase and serum iron concentratioii.
The constancy of sodium, Chloride and calcium concentrations was striking. This has also been reported by Cotlove et l. (12) who suggested that it was due to endocrine regulation mechanisms.
The decreased levels of urea, creatinine, fcilir bin and uric acid in the 30-39 years class must be noted s well s the low values for α-amylase activity in the 60-69 years class, and the decrease of creatine kinase activity after 69 years of age.
On account of the existing differences in blood creatinine levels between men and womeri, separate age classes for both sexes are given (tab. 5). jFrorn 10 years of age and onwards significaiit differences between age classes were found in females. In males significant differences were also seen between the 1-9 years and the 10-19 years age gr ups, and perhaps between 70-79 years and >80 years age groups.
Although a clinically relevant difference (15 μπιοΐ/ΐ) existed overall between males vs. females this differ«ence was not found in separate age classes. These findings are in good accordance with data front the literature (10, 13 to 22). This difference therefore can be considered s clinically relevant which means that different reference ranges must be used. This is riot the case for the other serum constituents where statistically significant, but clinically non-relevant differences between sex classes were found.
Here the intra-individual variance exceeds the iance between sex classes. Literature data (10, 13, 19 to 22) for urea, creatinine, uric acid, cholesterol, creatine kinase, γ-glutamyitransferase and phosphate are in close agreement with our findings. ίη-consistent values have been reported for a-amylase, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase and calcium.
Tab. 6. Mean concentrations and group variations of serum constituent values for both sexes. Significant differences between sex groups (SEdiff) and critical differences (dk) are given. Influence of hospitalisation Differences between laboratory data from hospitalised and out-patients can be expected on account of different behaviour (bed rest, diet, etc.).
A number of analyses in blood are generally performed before admission to hospital in order to reduce the duration of hospitalisation. This means that longitudinal assessment of laboratory values is complicated by the differences due to hospitalisation found in intra-individual follow up. The clinical relevance of this item has been studied (tab. 7).
It appeared that the differences were clinically relevant only for serum glucose and serum protein, i.e. they are equal to or in excess of the critical difference (d k ).
The findings of Young (13), Schwans (23) and Kreutzer & Raymakers (20) concerning the influences of bed rest on potassium, calcium and phosphate levels were not confirmed.
Other influences
Many other factors possibly influence the levels of laboratory data. Reports have been published on seasonal influences (12, 13, 20, 24, 25, 26) , diurnal rhythm (13, 20, 23, 27, 28) , smoking (29, 30) , medication (20, 29 to 33) , exercise (20, 23, 29, 34 to 39) , pregnancy (20, 40, 41, 42) , overweight (20, 23) , blood transfusion (13, 29) , intramuscular injection (23, 29) , fasting (13, 20, 23, 29) , and use of capillary or venous blood (13, 43, 44) .
Clinical relevance
For the general practitioner and the clinical specialist it is impossible to constantly take all these factors into account. However, especially in longitudinal studies, this is in principle important. It must be considered that elimination of some factors can be obtained by strict standardisation of blood sampling, e.g. always between 8.00-9.00 a. m., always from resting patients, always in fasting conditions, etc. It is impossible to standardise other factors such s age, sex, seasonal influences, pregnancy, blood transfusion, etc. In order to improve the benefit of using laboratory data a scheme was developed by which the influence of a number of factors on 21 common laboratory data can be shown (tab. 8). We have differentiated between factors influencing laboratory data without clinical relevance and those which may be relevant for clinical decision making,
i.e. those where the differences observed exceed the critical difference (dk) value. The use of this scheine enables the practising clinician to take into acco nt any possible alteration in circumstances since the previous blood sample was taken. In this pr cedure the patient is sed s his own reference in a longitudinal fo ow up, such s in the course and development of dise se, and in the treatrnent phase. 
